In this paper we estimate the price and income elasticities for five sweet spreads using a two-stage budgeting procedure. The first stage modeled the consumer's budget decision as a Tobit model, where total sweet spread expenditures are based on income and demographic variables. The second stage, including only those households with nonzero first stage expenditures, was treated as a standard consumer allocation problem using the AIDS model. To incorporate population demographics, the AIDS model was expanded by specifying the constant term as a linear function of demographic variables. The coefficients for the prices and expenditures are highly significant and demand is elastic for all five goods. The most significant demographic effects are due to household size, and female food shopper. The theoretical restrictions of homogeneity and symmetry were tested and rejected for the complete system.
pacts. These impacts become more evident the greater the commodity detail analyzed. For example, total vegetable demand has changed little over the past 40 years. However, the mix between fresh, frozen, and canned has changed dramatically, as has the relative importance of various kinds of vegetables. Demographic effects are more evident when analyzing crosssection data. Demographic time series data often display smooth trends exacerbating the multicollinearity problems already inherent in time series. Also, for food items, the level of commodity detail available in time series data is often limited to the farm level raw agricultural products. This paper attempts to alleviate these problems by utilizing crosssection data for individual households.
The purpose of the analysis reported in this paper is four-fold: 1) to estimate the price and income elasticities of demand for each of five sweet spreads: syrup, molasses, honey, jellies, and jams. 2) to measure the impact of demographic related variables such as family size, urbanization, housing tenure, region, race, occupation, and employment on demands for these spreads. 3) to test if the estimated parameters are consistent with the restrictions implied by economic theory. 4) to enumerate problems encountered and benefits realized when highly detailed commodities and micro (household) data are analyzed.
Model Specification
Consumer demand for sweet spreads is modeled here as a two-stage budgeting procedure. In the first stage the consumer determines total sweet spread expenditure based on income and demographic considerations. The second stage consists of a standard consumer allocation problem subject to the budget constraint determined in the first stage. The two-stage budgeting procedure implies that sweet spread items are separable from other items in the consumer's utility function. 2 The model selected for the second stage allocation problem is the Almost Ideal Demand System (AIDS) (Deaton and Muellbauer, 1980a ). The AIDS model has several advantages. The restrictions of economic theory are readily imposed. Hence, the testing of these restrictions is facilitated. The model is easy to estimate, does not impose any a priori restrictions on the degree of substitution among commodities, and is compatible with household budget behavior by allowing for nonlinear Engel curves. The AIDS demand model can be derived from the German polar form cost (expenditure) function,
In m(U, p) = InP + U b(p) where and where m is the minimum expenditure needed to achieve utility level U facing prices P i for n commodities. It can be shown that, (4) where Wj, the budget share, equals Pjqi/m and qi is the quantity consumed of the ith good.
2 See Deaton and Muellbauer (1980b) for a complete discussion of separability.
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The price elasticities for the AIDS model are given by, where is the Kronecker delta. The expenditure elasticity is
The theoretical restrictions of demand theory can be applied to the parameters of the AIDS model. Adding up requires that For the demand functions to be homogeneous of zero degree in prices and income it is necessary that, Lastly, symmetry is satisfied if, As mentioned above, the commodities of interest are syrup, molasses, honey, jellies, and jams. For purposes of this study it was assumed that these goods form a separable group or branch. Under this assumption the expenditure variable, m, is total expenditure on this group. Hence, price elasticities derived under this assumption are only partial elasticities, since total expenditure for each branch will be a function of a price index of these goods also. Lack of data prevented the inclusion of all other prices in the first stage allocation model described below. Hence, sweet spread prices were also excluded from that model. If the effects of the sweet spread prices on sweet spread expenditure is small, then the partial elasticities will be quite close to the total elasticities. This will be true if the elasticity of substitution between groups is near unity.
To incorporate demographic variables, the AIDS model was expanded by specifying each cti as a linear function of demographic variables. Thus, the model with demographic variables can be specified as (9) where (10) with d k equal to the kth demographic variable of which there are s. Translating and scaling were not used as demographic specifications because of the nonlinear techniques required for estimation and because other studies have concluded that scaling and translating do not fully capture demographic effects (Barnes and Gillingham) . The first stage budgeting decision was modeled as, (11) where Wj = m/y, y is total income and d k are the demographic variables. The above (11) could be considered to arise from a first stage utility function with group expenditures being the arguments. However, since price data do not exist on the other groups, prices were excluded from the model.
Data Considerations and Estimation Procedures
The data used for this analysis are from the Nationwide Food Consumption Survey in the Spring of 1977 (U.S. Department of Agriculture). Data from 3,196 households across the nation were collected in an interview with the person identified as most responsible for food planning and preparation. The interviewer recorded the form, the quantity and the cost of each food purchased and used in the household during the week prior to the interview. Other information collected included income, education, employment status and occupation, number of meals eaten in the household^ participation in food programs and other household characteristics. In addition, the households were classified according to region and urbanization.
An approximation was introduced into the AIDS model in order to use a linear estimator such as 3SLS. Estimation of the model as given by (9) is highly nonlinear due to the presence of the price index P defined by (2). Deaton and Muellbauer suggest using the geometric index,
where H is the sample size (number of households) and W| are mean budget shares, as an approximation. This renders the system linear and the final form for estimation is (13) where µ ik s an error term from an n-dimensional multivariate normal distribution. In order to satisfy the adding up criterion, restriction (6a) is replaced by restrictions (6d) and (6e) For complete systems of demand equations such as the AIDS model, the error covariance matrix is singular due to the adding-up property. The standard procedure is to drop one good and estimate using maximum likelihood. It is known (Pollak and Wales, 1969 ) that maximum likelihood estimates are invariant to which good is dropped. Also iterative 3SLS estimates are identical to maximum likelihood estimates for complete demand systems (Dhrymes) .
For many households, there were no recorded purchases of any of the five items. Observations where consumers did not allocate any income to sweet spreads (i.e., m = 0) were dropped from the AIDS second stage data set. This reduced the sample size to 1,554 observations since more than half of the households did not purchase any of the sweet spread items during the week the sample was taken. Dropping the observations with no purchases is a result of the decision to model the process as a two-stage procedure. The first stage is the decision to determine how much to spend with one possible outcome being zero.
Given these considerations the complete demand system, using the sample of observations purchasing at least one sweet spread, was estimated by iterative 3SLS.
For demand system models where some budget shares are zero, the usual stochastic assumption of a multivariate normal distribution of the error terms leads to a certain difficulty. At the micro level, demand and hence, budget shares for many items will be zero. Because the multivariate normal is not restricted to the unit simplex, estimated budget shares could be negative or greater than one. Woodland has investigated this problem by comparing estimates made assuming a multivariate normal with those obtained using a Dirichlet distribution which is bound by the unit simplex. Woodland compared both specifications and found the results quite close for several applications.
The first stage budgeting equation (11) was estimated as a truncated model by the Tobit procedure. Deleting only those observations with nonreported income from the original sample of 3,196 households, the model was truncated so that Wj ^ 0.
Empirical Results
The estimates of the second stage model given by (13) with adding up, homogeneity and symmetry imposed are presented in Table 1 . The coefficients for the price variables (the -yy's) are highly significant-only two out of 15 parameters have t-ratios less than 1.96 (95 percent confidence). The expenditure coefficients (the pi's) are all significant. With regard to the demographic variables, only region is consistently significant. Household size, tenancy, origin, and male shopper are moderately significant. Occupation, location and employment were generally not significant. Although a number of variables are highly significant it is of interest to note that on average about 10 percent of the variation in each equation is explained by the model. The low R 2 's point out the substantial heterogeneity of demand at the micro level. income, the total sample size was 2,599 of which 1,117 had zero expenditures on sweet spreads. Highly significant demographic variables were household size, origin, race, and food shopper. Comparison with nontruncated OLS estimates of the model showed smaller standard errors for the Tobit model and three (insignificant) variables: tenancy, female worker and female farmer, exhibited sign reversals. More importantly, the overall income effect for group expenditure is negative. The income elasticity of sweet spread expenditures is -0.266.
The expenditure and price elasticities for the second stage budget allocations are given in Table 3 . Demand is elastic for all goods and cross price effects are positive in general. Relatively large cross price effects occur for many items and are particularly strong for molasses, jellies and jams. All goods are substitutes in the Hicks-Alien sense and the degree of substitution is quite high. The standard errors for these elasticities are not given. However, since w^'-yy -By is an extremely close approximation to (5a), the t-ratios for the -yy's, which are given in Table 1 will be extremely close to the t-ratios for the elasticities. Examination of these ratios indicates that 19 of the 25 coefficients have t-ratios exceeding 2.0. Hence price effects are quite significant.
The final column in Table 3 gives the income elasticity for each individual item. This elasticity is the product of the expenditure elasticity and the income elasticity of all sweet spreads expenditures, -0.266. The elasticities indicate that all goods considered are inferior goods. Table 4 presents elasticities for the various demographic variables. Since many of the demographic effects are represented by dummy variables, the elasticity computation requires some explanation. These elasticities were computed at the sample means of the dummy variables. Hence they only pertain to aggregate relations and not to individual households. These elasticities include the effects of demographics on the first stage budget decision as well as the second stage expenditure allocation problem. Of all the variables, the greatest demographic effect appears to be due to household size. Household size in the molasses equation has the greatest elasticity of the demographic variables. Female food shopper also has large elasticities. To some extent, tenancy and rural location exhibit relatively large demographic elasticities. H is the sample size, and K the number of parameters. 4 The computed F statistics for this test were syrup = 24.41, molasses = 11.36, honey = 0.36, jellies = 4.08, and jams = 5.52. The ratio for (14) is distributed as F(Q, H -K), for which F.Q5 (1,1525) = 3.84 and F. 0 i (1,1525) = 6.64. Hence, the hypothesis of zero degree homogeneity is clearly rejected for syrup and molasses, marginally rejected for jellies and jams, and cannot be rejected for honey. When the complete system is restricted to be homogeneous of degree zero in prices and expenditure the appropriate statistic is the likelihood ratio test, where the ratio of the likelihood function of the restricted and unrestricted system forms the ratio X.
5 The statistic -21nX is X 2 (£,R) where R is the number of restrictions. For homogeneity for the complete system, the computed statistic is 37.4 which exceeds the X 2 (-05, 5) -11.07. Hence, homogeneity for the whole system was rejected. Next, symmetry for the whole system was tested and rejected. Lastly, both symmetry and homogeneity were imposed on the complete system and tested jointly. Again they were rejected.
The rejection of these theoretical restrictions does not necessarily imply a rejection of utility maximization on the part of the consumer. Many other conditions, as indicated in Byron (1970) , Muellbauer (1975) and Barnett (1979) , could exist which give rise to this result. Several writers indicate that aggregation over consumers leading to non-negligible nonsymmetric biases are the leading cause of rejection of the theoretical restrictions. This is particularly plausible in view of the results obtained by Lau (1977) . These biases cause rejection of the restrictions rather than any violation of theory. Also, the restrictions could 4 For a further description of the test see Johnston, p. 206. 5 See Berndt and Savin for a description of the test. be rejected if the utility function were incorrectly specified or if, for example, the assumption of separability does not hold.
Summary and Conclusions
In this paper, we estimated the price and income elasticities of demand for each of the sweet spreads: syrup, molasses, honey, jellies, and jams using a two stage budgeting procedure. In the first stage, the consumer determines total sweet spread expenditure based on income and demographic considerations. The first stage was estimated as a truncated model by the Tobit procedure. The Almost Ideal Demand System was used as a framework for the second stage expenditure allocation problem. To incorporate population demographics, the AIDS model was expanded by specifying the constant term as a linear function of demographic variables. The coefficients for the price variables are highly significant, in general.
Demand is elastic for all five sweet spreads and most cross price effects are positive. All goods are substitutes in the Hicks-Alien sense. The greatest demographic effects on sweet spread purchases are due to household size, female food shopper, tenancy and rural location. Within the second stage expenditure allocation the tests of the theoretical restrictions of adding up, homogeneity and symmetry resulted in the rejection of homogeneity for syrup and molasses, marginal rejection for jellies and jams and no rejection for honey when the test was performed equation by equation. Homogeneity and symmetry were rejected for the complete system. Some problems were encountered when the detailed data for commodities and households were used. A significant proportion of the households had not purchased any of the spreads during the week the data was collected. This phenomena was modeled as a two stage budgeting procedure wherein the first stage, the decision concerning how much to spend on sweet spreads (including zero) was estimated as a Tobit model. The second stage, encompassing only those households with nonzero first stage expenditures, was then treated as a standard consumer allocation problem using the AIDS model. However, there are significant insights and benefits gained from using detailed data for commodities and households. First, this analysis has shown there are strong own-price anc cross-price effects among detailed com modities. Second, the analysis indicates thai the demographic profile of the U.S. populatior has a significant impact on the demand for tto commodities studied. Third, our results indi cate that although economic variables (price; and income) and demographic variables are highly significant, a great deal of the variation in individual household demand behavior remains unexplained.
